Investigations into the role of environmental or occupational factors in the development of chronic respiratory disease often require simple measurements of ventilatory capacity to be made among large, widely dispersed populations. The forced expiratory volume test is widely used in this context.
Instruments are already available that provide immediate read-out of peak flow (PF) (Wright and McKerrow, 1959) , forced expiratory volume (FEV) and forced vital capacity (FVC) (McDermott, McDermott, and Collins, 1968; Beumer and Hardork, 1970; Klose, 1972; Fitzgerald, Smith, and Gaensler, 1973) , but recently much attention has been paid to other more complex spirographic measures such as the maximal mid-expiratory flow (MMEF) and the time required to expire the middle half of the forced vital capacity ) (Allen and Sabin, 1971) . These are measures of the middle part of the spirogram, which are thought to be largely independent of effort. They are considered by some workers to be of importance in studies of changes in the small airways (McFadden and Linden, 1972; Macklem, 1972) . Unfortunately, they are not readily measured by simple automatic computation because the whole spirogram must be recorded before it can be analysed.
In the system described here the spirogram is recorded on magnetic tape, using inexpensive, commercially available equipment, and analysed using a laboratory digital computer.
THE SPIROMETER AND VARIABLE FREQUENCY OSCILLATOR
The spirometer we chose was the portable bellows apparatus described by McDermott et al. (1968) The tapes are analysed using a laboratory digital computer system (Hewlett Packard 2116B). The cassette is replayed with a mains-operated tape deck (Crown CDM-11), and the frequency of the signal is converted to a series of binary numbers which are input to the computer. The frequency-digital converter and interface (Fig. 3) are made from standard electronic logic (5 volt TTL).
The replayed spirometer wave form is first converted to square wave pulses and then fed to a counter (0-127). The number of pulses counted in a period of 20 ms is stored by a binary latch circuit and the stored number is presented at the input of the computer. A push-button switch is also wired to one of the computer input lines to enable the operator to control the program manually. Fifteen microseconds after storing the count, the counter is reset to zero. While the next 20 ms count is taking place the computer is signalled that data are ready for input. They are read under control ofthe computer program.
OPERATING PROCEDURE Before the start of each test, a verbal announcement of the subject's name and serial number is recorded, using the microphone built into the tape recorder. The operator then switches on the oscillator and for approximately 5 seconds the 0 litre signal (5000 Hz) is recorded. After this has been done, the subject performs a forced expiration in the usual way. At the end of the test, or series of tests, the recorder is stopped and the tape cassette is removed for analysis.
During the analysis the tape is replayed at normal speed. The operator listens to the subject identification announcement and types the relevant information on a keyboard. When the oscillator reference signal is heard, he presses the interface push-button and the reference frequency is computed. Operation of the system is then completely automatic. The computer distinguishes the beginning and end of each spirogram and stores the data until the operator presses the button again. Then he can select whether he wishes to display the spirogram graphically (singly or superimposed on others) (Fig. 4) , compute the spirogram parameters, print the results, punch the data on paper tape, or move on to a new subject. The 5000 Hz reference frequency is checked by the computer during replay; a correction factor is calculated and is used to compensate for any differences between the recording and the replay speed.
The computer algorithms detecting the start and finish of forced expirations have been designed to tolerate noise and tape 'drop outs' (imperfections in the tape recording surface). The start of expiration is recognized when the expired volume exceeds 0 15 litres and the end is recognized when the expired volume has remained constant for a period of at least 800 ms.
The count is inversely proportional to the expired volume and so a change of one in the count represents a larger change in volume at high volumes than at the start of expiration. To improve the resolution at high volumes the cumulative count from a number of 20 ms periods is used.
SOURCES OF ERROR
The main sources of error in this technique are as follows:
1. Non-linearity in the dialpotentiometer(±0 5 %) 
